The areas within the boundaries of watercourses hold great natural and agricultural value. Their characteristic feature is their hydrological diversity. Depending on the speed of water flow, duration and frequency of flooding, the spatial distribution of sediments changes and lowering ground water table beyond soil profile considerably alters air-water relations initiating the mucking process [Jakubus et al. 2013] . These factors have a significant influence on the structure and transformation of the soil profile.
fluctuations in water and soil conditions result in sweeping transformations of vegetation cover. Many researchers point to the need for further detailed studies and proper management of invaluable wetlands [Gawlik et al. 1995 , Kondratiuk et al. 1995 , Malinowski 2012 . The wetlands of the Ina Valleyoare the largest in Western Pomerania. Little is known about their stratigraphy, soil properties and the degree of anthropogenic transformations.
Therefore, the aim of the conducted studies was to determine the chemical properties and typological variations of the soils in the analysed area of the Ina Valley.
MATERIALS AND METHODS
Field studies were carried out in 2012, in the left side of the Ina river valley, near Sławęcin village (Fig. 1) . On the basis of field observations and preliminary boreholes, four objects characteristic of main soil types were designated and one profile was made in each of them. From the determined and described 
RESULTS AND DISCUSSION
The Ina river belongs to lowland rivers and i, predominantl, fed by groundwater originating from the Pleistocene aquiferous layer [Prawdzic 1962 ]. In its middle course, from Recz to Stargard, Figure 1 . Area of investigations.
its gradient falls to ca 0.4%. The river flows here in a wellshaped valley whose width reaches a few kilometers [Winkler 2001 ]. This part of the valley was drained at the end of the 1 th century, whereas many objects were constructed in a post- 
Organic fibric-muck soils (OMi)
The middle part of the valley is filled with a low peatland developed from fibric peat, strongly decomposed on the surface. Due to the past irrigation and drainage of that are , the surface of that deposit underwent an intensive mineralisation and transformation in a mucky process. As a result, organic fibric-muck soils [PSSS 2011 ] developedein this part, with the following sequence of genetic horizons: OM1-OM2-OM3-OTi1-OTi2.
In the surface layer of peatland, a well-developed muck horizo, was distinguishe . It comprised distinct sub-horizon : a soddy subhorizon with a fine-grained structure, a sub-soddy sub-horizon of coarser-grained structure and a transitional clod sub-horizon.
Below the muck horizon, there was fibric peat with well-preserved plant remnants. The process of humification slightly impoverished the upper part of peatland in organic matter (from 79.10% in OM1
to 89.39% in OM3). The layers of fibric low moor peat were rich in organic matter (from 86.60 to 88.45%). The content of total carbon was closely correlated with organic matter (Table 3) . Soil reaction to the depth of 100 cm was slightly acidic (pH KCl from 6.03 to 6.26) and neutral at the depth of 100-200 cm (pH KCl = 7.19).
The content of total nitrogen ranged from 2.89 in peat (OTi1 and OTi2) to 2.97% in muck (OM1, OM2 and OM3). The accumulation of total nitrogen in surface muck horizons resulted from mineralisation and decomposition of organic matter.
C:N ratio was fairly wide, within the range 12.24 16.72% the lowest, indicating the microbiological transformation of organic matter was recorded only in the top two first muck horizons (Table 1) .
Total sulphur content was similar in the whole profile: from 0.40%
(III degree) to 0.50% (IV degree), which according to boundary values was very high and reflected anthropogenic contamination [Kabata-Pendias et al. 1993 ].
In surface muck layers, a larger accumulation of available phosphorus, potassium and sodium was found than in transitional and peat layers. However, the content of available magnesium and calcium was varied (Table 2 ). In comparison with boundary values, the resources of phosphorus and potassium were very low and available magnesium high and very high in the whole profile [IUNG 1990 ].
In the soddy and sub-soddy sub-horizons, in comparison with peat, there was a markedly higher share of available phosphorus, potassium, calcium and sodium in their total content. In the case of magnesium, a reverse relationship was found, generall, (except the soddy sub-horizon) available forms amount to 90% of total content of this element (Table 2 ). 
Organic sapric-muck soils (OMa)
Organic sapric-muck soils [PTG 2011] originate from highly decomposed sapric peat (contains a very small amount of fibr ).
Shallow organic sapric-muck soils occur on the edge of wetlands or on small sandy elevations of the valley. They are characterised by a narrow layer of highly disintegrated organic sediments.
The investigated soil had a well-developed muck layer M III to the depth of 50 cm, underlaid with a narrow layer of highly decomposed sapric peat, placed on loose sand.
The advanced process of decomposition caused a distinct impoverishment of surface soil layer in organic matter and total carbon.
The content of organic matter ranged from 18.80% in the soddy sub-horizon to 54.26% in transitional one, whereas it was 44.47%
in the peat layer. Lying below, sandy humus layer and parent rock contained 4.17% and 1.44% of organic matter, respectively. Soil reaction was mostly slightly acid (pH KCl ,.14-,.34), neutral (pH KCl 6.69-only in the humus layer (Table 1) .
The amount of total nitrogen wasdvaried from 0.05% for parent rock to 2.39% for transitional horizon C:N ratio in the surface layer (to 26 cm), and was quite favourable in the range 11.32 12.66% (Table 1 ). The content of total sulphur turned out to be positively correlated with the content of organic matter (Table 3 ).
In comparison with limit values, the level of this element was very high in the whole profile [Kabata-Pendias et al. 1993 ].
The division and sub-division of the soil profile had a profound impact on the macroelement content ( Table 2 ). The surface organic-mineral and organic horizons had richer resources of available potassium, magnesium, calciu, and sodium and poorer source of available phosphorus than deeper mineral horizons. The amounts of available phosphorus, potassium and magnesium for all genetic horizons were very low according to limit values for the agricultural purposes [IUNG 1990 ]. Deeper in the soil profile, in mineral horizons, the amounts of total carbon and total nitrogen were reduced, whereas C:N ratio increased to 15.90. Soil reaction was slightly acidic or close to neutral, with greater acidification of mucky horizons in relation to underlying mineral horizons (Table 1) .
Mineral-organic mucky topsoil contained more available potassium, magnesium, calcium and sodium distinctly than the sandy mineral layer of humus horizon and parent rock ( Table 2 ).
The determined amounts of available phosphorus, potassium and magnesium were very low [IUNG 1990 ). In the light of small quantities of available forms, the resources of their total content looked favourable.
The analysed fibric-muck, sapric-muck and mucky soils were characterised by a relatively favourable C:N ratio, which exhibits intensive microbiological transformations of organic matter in muck horizons leading to its permanent transformation. In the opinion of Okruszko and Piaścik [1990] , organic matter is less susceptible to biological transformations only at wide ratio of C:N.
However, Łachacz [2001] states that a very narrow C:N ratio, i.e., below 5 points to soil exhaustion and degradation.
Niedźwiecki et al. [2006c, 2008] The Study results showed that the soils evolved from low moor peat (fibric-muck, sapric-muck, and mucky) had, in general, the resources of available potassium, phosphorus and magnesium typical of the majority of peat-muck soils of Western Pomerania [Niedźwiecki 2000 , Niedźwiecki et al. 2003 , Niedźwiecki et al. 2009 , Niedźwiecki et al. 2010 .
The progress of the mucky process turned out to have a pronounced influence on the content of available macroelements.
Fibric-mucky soils had the richest macroelement resources and mucky soils the lowest. In general, in the muck horizon of all the examined soils, an increase in the amount of macroelements, mainly available phosphorus and potassium, was observed, in relation to lower horizons.
The examined soils were characterised by the high total content of macroelements (K, P, Mg, Ca, Na) soluble in concentrated acids HClO 4 +HNO 3 typical of the Ina Valley [Niedźwiecki 2010].
It was found that the loss of organic matter and total carbon in the soils, originating from mud and peat at varying degrees of decomposition, is accompanied by an increase in pH in H 2 O, decrease in total nitrogen, sulphur and available Mg and Na.
Besides, a significant relationship between soil reaction (pH KCl ) and the content of total nitrogen, total sulphur, available phosphorus, calcium and total forms of phosphorus, potassium and magnesium was also observed (Table 3) . However, C:N ratio, an important indicator of microbiological activity, did not have a significant influence on all the examined chemical parameters of soils (Table 3) .
CONCLUSIONS
On the basis of the conducted studies in the Ina Valley, near Sławęcin, the following are the conclusions:
1. Drainage and agricultural use of the studied area of the Ina river valley caused the transformation of morphological and chemical properties of soils. Limnic soils turned into muddygley soils, deep fibric peat was transformed into fibric-muck, strongly decomposed, soils and shallow sapric peat into sapric muck and mucky soils.
2. Organic fibric-muck soils had the richest resources of organic matter and muddy-gley the poorest. The reaction of the soil developed from peat was slightly acid or neutral and that from fluvial sediments alkaline.
3. All examined soils were characterised by a very low content of available phosphorus and potassium but a varying content of available magnesium depending on the soil subtype. Extremely low amounts of available magnesium were obtained in sapric-muck and mucky soil, medium in muddy-gley and high to very high in fibric-muck soil. Total forms of macroelements were abundant.
4. In the soils developed from low moor peat the third degree of decomposition was found and permanent grain structure.
With the advancement of decomposition process C:N ratio was narrowing, the content of organic matter was decreasing as well as the content of available macroelements (P, K, Mg, Ca and,Na).and total content of P, Mg and Na. The percentage share of available macroelements in their total content was also reduced. In the case of muddy-gley soils, these transformations were not clearly marked.
